The paper is focused on a new solar urban planning approach for building densification and preservation in existing urban areas. Dense urban environments provide a complex settlement, where solar availability and urban daylight can become a scarce commodity, especially since buildings become increasingly taller. This is mainly due to the complex and dynamic overshadowing effects created on the building envelope. Accurately quantifying these effects could be the key to predicting reductions in solar availability which, in turn, can significantly affect daylight and the thermal performance of buildings, as well as the potential for PVs and other renewables sources. It is therefore necessary to use simulation tools in order to predict the mutual complex effects. In accordance with European building regulations, which are going toward a Net Zero Energy City, this paper presents a new design approach using generative modeling tools and dynamic simulation software in order to develop a sustainable urban planning method.
Introduction
This paper is framed within the activities of the International Energy Agency (IEA) -Solar Heating and Cooling (SHC) program Task 51 "Solar Energy in Urban Planning". The research activity aims to develop strategies for sustainable urban planning, supporting the work executed by urban planners, municipalities and architects. Increasingly more city districts are characterized by architectural integrated solar energy solutions (active and passive), augmenting the large-scale utilization of renewable energy resources [1] . More than three-quarters of the world's population now live and work in cities, where up to 80% of available energy is consumed, and where over half of greenhouse gas emissions are produced [2] . So improving the energy efficiency of cities is necessary for consumption to be reduced. According to European Performance of Building Directives (EPBD), which are going toward a net zero energy building by 2020, refurbishment interventions and new developments must be more energy-efficient, increasing the use of renewable energy, reducing fossil energy use and greenhouse gas emissions. Furthermore, the new urban regulations aim to limit the extension of urban sprawl, promoting compact cities [3] [4] . In the last twenty years there has been increased interest in how the form of the cities can contribute to their sustainability: the concept of "urban densification" has assumed the meaning of building volumes that are more compact and closer together, developing a sustainable urban planning model and preserving public spaces. Dense cities permit lower energy usage per capita than more dispersed suburban equivalents, as well as a better ecological footprint per inhabitant, improving building efficiency and reinforcing public transportation. Urban planners should therefore pay more attention to the environmental sustainability of the city, focusing on the critical problem of its density. This goal can be reached by designing smaller spaces that, on the one hand use less energy for heating and cooling, and on the other hand require fewer resources for their construction. Furthermore, high-density and mixeduse compact cities reduce the energy demand for travelling, given that people can easily walk or cycle between home and work. Construction and supply chain costs can be made extremely efficient when people live in dense communities. It is useful to emphasise that "urban densification" does not mean tall buildings or highrise apartment blocks, but rather being better organized. Urban densification also plays a social role: the increase in public space makes it possible to create an important sense of community, particularly when people live in the same building. Finally, compact cities reduce urban sprawl: the land in the countryside is preserved, while the land in towns can be recycled for rebuilding interventions using new technologies and methods. In this scenario, dense urban settlements provide a complex environment, where solar and daylight availability are poorly considered by urban planners, especially since buildings are becoming increasingly taller. Tall buildings increase the urban density and the number of technical problems that arise. Many specialists are therefore involved in the urban and architectural process [5] of a compact city model.
One of the main issues is the complex and dynamic overshadowing effects on building surfaces. Some preliminary analyses during the early design phases could avoid the effect of solar availability reduction, which influences the potential of solar systems, as well as daylight and the thermal performance of buildings [6] . Most of the solar radiation available for producing the solar energy exploiting the building envelope currently remains unutilized. In order to increase the solar potential, volume optimization should be studied in order to improve the solar harvest from the façades, and the proper level of solar access should to be guaranteed. One efficient way in which to reduce environmental impact is certainly the use of the solar energy. Passive design solutions developed following sustainable principles increase solar gains and daylight, while also reducing the energy use in buildings. Furthermore, heating and electricity could be supplied from renewable sources as active solar energy systems are integrated into the building envelopes [1] . This paper is focused on a new solar urban planning approach for building densification and preservation in existing urban areas. The approach requires that new buildings be designed paying attention to the volume, shape, orientation of BiPV façades, in relation to the urban context in which they are inserted. Furthermore, solar access and the right to light of the surrounding buildings are investigated. Finally, analyses are conducted on urban daylight in public squares, in order to evaluate the overshadowing effects.
Research aims and methodology
This paper forms part of a wider study that aims on one hand to develop a new solar urban planning approach, and on the other hand to assess its environmental effects on the existing buildings, in order to provide guidelines for evaluating solar potential in urban areas. The entire research could become a useful design tool for urban planners, architects and engineers, especially during the early design phases. The case study presented here is a confirmation of the parametric geometric optimization of solar façades for commercial buildings. Analyses on the overshadowing effects and urban daylight in public squares have also been conducted.
The work is the final step of previous parametric modeling study for estimating the mutual interactions between buildings and districts. In the first phase [7] volume optimization was studied in a demolition and reconstruction intervention, in order to achieve the appropriate shape characterized by the highest solar access. In a second part [8] , a sensitivity analysis on the external envelope, for evaluating the levels of total solar radiation, was carried out for different geometrical transformations of the building volume. These steps were completed by incorporating changes to the height, to the footprint and orientation of a reference building, considered either in isolation or included in a simple regular district of nine buildings. Finally, a more complex transformation strategy was executed, concerning parametric geometric transformations [9] . The present work aims to describe the procedures adopted for integrating more flexible transformation strategies into the parametric analysis of solar access, through the use of advanced modeling techniques, in a case study located in the city of Lugano (Switzerland).
The analysis is divided into two parts. The first one is related to a parametric solar design optimization, in order to maximize the solar access and solar potential of new buildings in the existing urban area. The influence of the buildings and façades designed were investigated in order to calculate the solar radiation incident on the external envelope, and the efficiency of building integrated photovoltaic systems (BIPV). The parametric optimization process makes it possible to ensure the greatest amount of solar radiation on the building envelopes, and to identify their optimal areas for installing solar systems. The study starts from the current design scenario designed by the developer, fixing parameters like the number of storeys in the buildings, the volume, footprint area and height of the building. The parametric transformations tested in this case study are the same as those conducted in the previous studies [8] [9] : the floor twist from east to west orientation, and the global building slope from the vertical direction to the south, were imposed following a linear equation. Initially, three-dimensional simple modeling is performed, allowing the variations in building shape after fixing the parameters of urban limitations. Then sets of simulations were conducted: firstly, considering the isolated model and geometric transformations (twist, slope, and twist + slope) were correlated to the solar incidence.
Secondly, the solar optimized shape was inserted into an existing district in order to calculate the solar radiation incidence on the building envelope, considering the mutual effects among neighbouring buildings. From the parametric geometric transformations a set of optimized solutions are carried out, integrating generative design methods with energy performance evaluation [10] . The advantage of generative systems [11] , constituted by a genetic algorithms and parametric systems, coupled with computational tools in the design process, is that a quick exploration can be made of an almost infinite set of variations, from which the best solutions can be selected [12] . The script can work both automatically and manually: automatically, by fixing the data input (urban fixed data) and solving with an evolutionary solver tool [13] , combining all the shapes until the best one has been found; and manually, by fixing the data input and imposing the transformations. In this study, the second approach was selected, in order to conduct a sensitivity analysis on the variation parameters. The approach makes it possible to identify the optimized building volume and the numerical evaluation of the solar radiation incidence on the building envelope, in order to assess if façades can be exploited for energy production in dense urban areas. The analysis of basic models makes it possible to assess energy needs and to calculate potential energy production under different design conditions (height and size of buildings, distance between blocks, cladding materials, etc.). Legislation requires planners, architects and designers to comply with limits on solar access and right to light, and to be able to assess the impact of new buildings on surrounding buildings. It is therefore necessary to provide the required solar and daylight availability information for any urban area, in a visually meaningful way, so that a quick assessment can be made for both existing buildings and un-built sites. Solar access and right to light regulations can place specific limitations to the geometry of a scheme. Particularly during the early design phases it becomes necessary to use dynamic simulation tools to assess the solar and daylight potential of a site, even before a building is designed. All analyses are conducted by means of a highly accurate radiance-based solar calculator tool (Daysim [14] and DIVA [15] ) simulating an initial scenario, a current design scenario, and an optimized design scenario. The research aims to validate the new multidisciplinary design approach for optimizing the volume of a building in existing urban areas, in order to harvest as much solar radiation as possible, to maximize its solar access and solar potential and to minimize the impact on the surrounding area. More specifically, the aims are:
Optimize the shape of the new buildings, maximizing their solar access, maintaining the same volume; Analyze the critical aspects in term of solar access and daylight availability for existing buildings; Evaluate the solar potential of a building envelope, localizing the suitable areas for the installation of solar systems; Evaluate the level of urban daylighting and the solar access of public spaces. 
Method and calculation
As described above, the design optimization process of new buildings aims to become a useful design tool used by urban planners in order to develop clever urban plans and to improve solar access and solar potential in an existing urban environment, as described in [7] [8] [9] .
Different scenarios have been analyzed and compared: the urban initial scenario, the current design scenario developed by planners following urban regulations, and the optimized design scenario created using a new design tool (based on Rhinoceros and Grasshopper) that combines parametric 3D shape transformations maintaining the same volume. A parametric analysis was conducted: annual dynamic solar radiation simulations using Daysim and DIVA for Rhino were executed in order to investigate the effect of overshadowing as well as the solar availability and potential on the surrounding area, in particular on the buildings close to the newly designed building. Urban densifications provide a complex environment, where self-shading and overshadowing by adjacent buildings can dominate solar energy potential and daylight availability [16] [17] [18] : the analyses conducted in this research focus on these evaluations. The most irradiative areas of the building envelope were identified by means of annual solar mapping analyses, in order to increase the insolation of new and retrofitted solar system installations.
The methodology was applied to a case study in Lugano-Paradiso, Switzerland. The correct orientation and shape of new buildings were planned in order to guarantee the efficiency of photovoltaic roof and façade systems, and their solar energy production. More detailed analyses were conducted in order to minimize the overshadowing effect on the surrounding buildings, maintain or increase the solar access and urban daylighting, and estimate their solar gains, cooling loads and surface temperatures. The methodology used was developed in a PhD dissertation [19] and verified in a previous study [20] . Regarding the technical aspects of urban densifications characterized by a complex environment, self-shading and overshadowing by adjacent buildings dominate the issue of solar energy potential and daylight availability.
This consequently leads to a reduction in solar heat gains through windows, as well as a reduction in daylight availability as shown below. Such environments can vary significantly from site to site, depending on, among other factors, their latitude, the distances between buildings, their height and the orography,. Therefore, since such information is very specific and differs from site to site, it becomes difficult to provide guidelines on solar and daylighting design. The use of simulation tools in this case can help predict the dynamic overshadowing effects on building surfaces on an urban scale. The interoperability provided by generative modeling tools and dynamic simulation software now makes it possible to model and simulate the mutual interactions between buildings in urban
environments. This research aims to validate and improve an existing design approach, in order to conduct the project process from the early design simulation phases, making it possible to test the design solutions of the project and its effects on the surrounding buildings, and go back to test a new one and so on, as an iterative process. The optimization model process starts from the initial shape of the building, modifying it parametrically through the twist, slope and their combination into three orientations (south, east and west). The method consists of consequential and iterative steps, combining design and analysis tools, as extensively described in the previous work [9] . After the first set of simulations, in which the global annual radiation on the building envelopes is estimated, in the hypothesis of simple isolated volumes, the best optimized solar shape is selected. The three-dimensional model was inserted into the urban environment for the second set of simulations, in order to calculate the total solar radiation incidence on the building envelope, and the mutual effects between neighbouring buildings in terms of solar reflections and overshadowing effect.
As reported above, the Daysim program (version 3.1 b), developed by the National Research Council of Canada and the Fraunhofer Institute for Solar Energy Systems in Germany, was used to calculate the solar radiation incidence values on the building envelope. Daysim is a validated Radiance-based program [21] , validated for complex daylight calculations [22] . In a previous work [8] , it was adopted and used for a similar solar radiation simulation. Among the two simulation methods allowed, calculations were made with the DDS model, allowing for a more detailed analysis of direct solar radiation [23] [24] . Table 1 shows the final parameters for all the Radiance-based simulations developed in the study. The selection of these parameters has been validated in a previous work [8] . Table 2 reports the radiance materials assigned to the surrounding buildings: all the external surfaces were treated, assigning a grey concrete block. All the simulations were carried out using statistical data recorded for the city of Lugano (latitude 46.00° N, longitude 8.96° E) using the weather data file taken from the Meteonorm tool [25] . 
Terrain modeling and simulation
The city of Lugano is situated in the south of Switzerland, 25Km to the north of the national frontier with Italy. Paradiso, although administratively independent, is a municipality in the district of Lugano in the canton of Ticino. It lies on the shore of Lake Lugano and is surrounded on all other sides by that city. Paradiso is located at the foot, and up the lower slopes, of Monte San Salvatore, as shown in the Fig. 2 . Given the typical orography of the landscape, it was necessary conduct number of preliminary analyses in order to investigate how it might be possible to simulate the contribution of the ground reflection in the irradiance analyses. Ground geometry is not usually imported into a Daysim environment, but in many scenarios, such as this case study, it is important to consider the geometry of the terrain, because the buildings analyzed are located at different levels. A set of analyses calibrating the simulation parameters was executed. Firstly, two simulations were conducted, considering the existing building (building C) and two buildings (building A and B) in the isolated scenario, without importing the ground geometry and the urban surroundings, in order to obtain the reference values of irradiance on the building envelope. For these simulations, the ground reflectance was set first equal to 0.0 (Ref_0) and then equal to 0.15 (Ref_1). These values were useful for testing the influence of solar reflections from the ground; secondly its geometry, in this case represented by a plane, was imported in Daysim.
North South
Thirteen simulations, changing the Radiance material parameters (R, G, B, specularity (Sp), roughness (Rg)), were performed in order to find out how to simulate the solar reflections from the ground importing its geometry. For the simulation the parameter of ambient bounces (ab) was set equal to 1, and for the building walls the concrete block plaster radiance material with R, G, B reflectance was set equal to 0.549, Sp and Rg equal to 0.0. Table 3 shows that the simulation identified by code Sim_11 simulates better the solar reflection from the ground (material: ExposedGround); the difference is 1% less than to the reference simulations. 
Results

Comparative solar exposure analyses on an isolated building in different scenarios
The analyses study the solar optimization of the new buildings (A and B), the solar availability of the existing one (C), and the urban daylight in public spaces in an initial scenario, a current design scenario, and an optimized design scenario. This section shows the comparison of solar irradiation analyses regarding the new designed buildings (building A and building B) analyzed in this case study. From the initial scenario to the optimized design scenario, passing through the current design scenario, several simulations have been executed in order to reach the best shapes for harvesting as much solar radiation as possible, and to localize the suitable area on their building envelope for installing the solar systems. The current design scenario, composed by two commercial buildings both of 11 storeys, with, respectively, a rectangular footprint (building A) of about 780 m 2 each floor for a total volume equal to 28000m 3 , and an L-shaped footprint (building B) of about 1240 m 2 each floor for a total volume equal to 44500m 3 , not already optimized for solar purposes, was compared with several scenarios in which each new volume combination was transformed in order to identify the most efficient solution. The first set of analyses was conducted on constant volumes for buildings A and B considered in the isolated scenario. Starting from the current design shape, different combinations of parametric transformations were tested: Twist (T), Slope(S) and combined Twist and Slope (T & S). Table 04 summarizes the results of the best optimized shapes with the highest annual solar radiation values for building A and building B. The codes indicate: the first type of parametric transformation (T for Twist or S for Slope), its direction (S for South, W for west and E for east) and its amount (from 45° west to 45° east for the twist transformation, and from 0° to 20° from the vertical direction for the slope transformation). The N N transformations were done up to the limits preventing the physical obstructions and interferences between the buildings. The percentages show the increment of the radiation with respect to the value calculated in the initial scenario (Ref_A0 for building A, and Ref_B0 for building B). In order to generate buildable and stable shapes, some limits of the parametric transformations were adopted. To ensure that the building's centre of gravity always projected inside the building footprint, the maximum slope was fixed until 20°; to limiting the relative rotation between each floor, the twist was set at up to 45°. From both the analyses, building A and building B, the highest values of incident solar radiation is achieved with the combination of slope and twist transformations. For building A (Opt_A) the solar optimized shape (T_W45 & S_S20 & S_W20) gains 4% if compared with the unmodified shape (Ref_0A), while for building B (Opt_B) (T_E30 & S_10 & S_E10) the increment is approximately 2% with respect to the unmodified shape (Ref_0B). This depends on the increase in the average superficial solar radiation and from the increment to the total exposed surface. These percentages are lower than those recorded in the previous work, due to the orientation of the buildings, whose most highly-exposed façades face east and west, and after the transformation the radiation on the most irradiated façades increases up to 250% (west) and 50% (south), but the others lose solar radiation, respectively up to 50% (north) and 70% (east). Another important aspect that should be emphasized is that in this case study the increment in the total exposed surface area after the optimization process is not very significant in comparison with the previous work: it amounts to less than 2% for both buildings. However, this aspect is also important for the potential heat losses and gains through the envelope. This issue could be solved by means of a more integrated simulation approach, in which solar optimization is only one component of the overall energy use optimization of the building. This is the general aim of the study, but limitations in computer processor speed led to the choice of a a mono-parametric optimization Furthermore, the complex transformations have a high impact on the losses of usable floor area, amounting to a percentage of about 8% for Opt_A and up to 15% for Opt_B. The higher impact suggests managing carefully complex transformations for buildings that do not have a rectangular footprint. The most important results obtained from this set of simulations is the overshadowing effect created by the orography: in fact, with respect to the previous paper [9] , in this case study the terrain profile does not give a positive increment in terms of the total amount of solar radiation. As the results in Table 05 show, the analyses conducted in the isolated scenario, considered before the current shape of building A (Cur_A) and building B (Cur_B) in the ground site, and later conducting the same kind of analyses with the optimized shape of the two, demonstrated the influence of the orography in the solar availability reduction. While in the previous work the contribution of the ground reflection was always positive, increasing the solar radiation, in this case the increment in solar radiation due to the solar optimization process is completely lost, and the overshadowing effect, created by the altitude profile, increases this loss even more. All the radiation variations are compared to the Ref_0A and Ref_0B values (ground as a plane). Table 04 .Results of solar radiation for building A (Bld A) and B (Bld B) in the isolated scenario considering the terrain as a plane. ES: total exposed area (external envelope). Δsurf: percentage of variation of total exposed area (external envelope). R: total solar radiation impacting on external envelope. RA: average solar radiation on external envelope. ΔIrr: percentage of variation of solar radiation. 
Comparative solar access analyses of the buildings inserted in a district
In the second set of simulations, the initial building shapes and the solar optimized building shapes obtained from the optimization process have been inserted into the district in order to calculate the effects of overshadowing and of the indirect solar radiation reflected by the surrounding buildings. The set of simulations was repeated for the building B. In all scenarios the radiation variation was compared with the reference cases of either isolated building A (Ref_A0) or isolated building B (Ref_B0). The simulation settings were: "ab" equal to 3 and "ground reflection" of 15%, the radiance material parameters described above, in order to calculate the ground reflection contribution.
Scenario 1: solar radiation on building A calculated in the current design scenario (building B current design); Scenario 2: solar radiation on building A calculated in the optimized design scenario (building B current design); Scenario 3: solar radiation on building A calculated in the optimized design scenario (building B optimized design). Table 06 . Parametric analysis of solar access on building A (Bld A) and building B (Bld B) included in the district. ES: total exposed area (external envelope). Δsurf: percentage of variation of total exposed area (external envelope). R: total solar radiation impacting on external envelope. RA: average solar radiation on external envelope. ΔIrr: percentage of variation of solar radiation. The results demonstrate the overshadowing effect created from the ground and the buildings in the district with respect to the initial scenario (Ref_A0 and Ref_B0). However, the optimized shapes of the buildings make it possible to recuperate a percentage of the loss. Focusing on the optimized shape of the buildings, compared to scenario 1, the effects of the surrounding (buildings and ground) reflections increase the total solar radiation by up to 5.3% (scenario 2) and 7.3% (scenario 3) for building A and by up to 6.1% (scenario 2) and 7.3% (scenario 3) for building B.
Solar availability analyses on the existing building
This section presents the analyses related to the effects that the new buildings, building A and B, create on the existing building C, in terms of the level of solar availability for minimizing the overshadowing. An analysis was conducted on the solar availability for the existing building completely glazed in the initial scenario, before the construction of the new buildings, the current design scenario with the configuration of the new buildings designed by the developers, the optimized design scenario with the optimized shape of the building A and B identified by the solar optimization described above. Table 07 shows the global solar radiation on the building envelope in the different scenarios. The loss of solar availability from the initial scenario to the current design scenario is low: However, analysis the results on the façades during the morning hours (from 7:00 am to 12:30 am) shows that the average values of the loss increases up to 9% in December. In the current design scenario the designed buildings create a disadvantage in terms of solar gains during the year, but it can also represent an advantage during the summer, reducing the thermal loads on the façades, saving the energy for cooling. The optimized design scenario, on the other hand, guarantees the same level of solar availability as the initial scenario. The simulations show low values of solar irradiation on the façades: buildings A, B and C are oriented north/south and their most exposed facades are exposed to the east or west (Fig. 02) . Furthermore, with the presence of a mountain on the south of the analyzed site, the orography, the configuration of the buildings that creates the overshadowing effect on themselves, as well as their mutual positions that project shadows on each other, contributes to the reduction in solar irradiation. The values improve after the solar optimization process: the transformations modify the exposure of the most irradiative façades, increasing the solar irradiation on them. A test conducted on the same case study using the EnergyPlus weather data climate of Sydney (Australia), demonstrated that changing the location also increases the level of solar radiation, as well as the effect of the monthly loss of solar availability (Fig. 04) . The analysis was conducted in order to study urban daylight in public spaces in terms of the overshadowing effect. The first public space analyzed is the existing square of the town hall (Fig. 06) . The results demonstrate that in the current design scenario the urban daylight availability of the square is 7.5% less than the initial scenario. The second public space analyzed is the courtyard created between buildings A and B (Fig. 03) . The increment in the daylight availability in the optimized design scenario is equal to 56.5% with respect to the current design scenario.
Urban daylight analyses
Conclusion and future outcomes
The analyses conducted in accordance with the methodology demonstrate that the new solar design approach has confirmed its efficiency in terms of achieving the optimized shape of the buildings. The results show the improvement to solar radiation in the optimized design scenario as a consequence of the optimization using the urban planning approach previously studied. The new optimized design buildings allows to preserve the solar access of existing building analyzed, although other buildings and public spaces lose a lot of their solar availability. So the optimization process works well for building optimization and for achieving or maintaining the solar availability of only one specific existing building, but must be improved in order to ensure the solar access of the entire district. Furthermore, the study has demonstrated that the complex overshadowing effects related to the site produce a variation, in terms of solar availability, to all buildings, depending on height, exposure direction and location in the site. Further developments will be: analysis of the efficiency of solar integrated systems for energy production.
